Objective-CA125 at presentation of ovarian cancer carries important prognostic significance; but, other than tumor characteristics, little is known about factors that influence CA125 levels. We examined the effect of epidemiologic variables and tumor features on CA125 at diagnosis and their effects on survival.
Introduction
By immunizing mice with epithelial ovarian cancer cell lines and searching for antibodies that would react with patient sera, Bast and colleagues developed an assay for CA125 and found it to be elevated above 35 U/mL in about 82% of women with epithelial ovarian cancer [1] . Its kinetics during chemotherapy have value in predicting residual disease and survival [2, 3] and levels after therapy can predict recurrence [4] . CA125 levels at clinical presentation are lower in women with mucinous tumors [5] and correlate directly with stage of disease and inversely with survival [6, 7] . Because CA125 conveys such valuable prognostic information, it is important to understand what factors determine levels at presentation. However, other than features of the tumor, surprisingly little has been written about epidemiologic factors that predict CA125 at the time of diagnosis of ovarian cancer. In this study we sought to examine tumor characteristics as well as epidemiologic features that predict CA125 at diagnosis and how these affect the prognostic significance of CA125.
Methods

Cases
Ovarian cancer cases in this study were enrolled from one protocol that recruits patients before surgery with a pelvic mass suspicious for ovarian cancer and a second that recruits patients for a case-control study after a diagnosis has already been made. Both protocols involve informed consent and are approved by the Brigham and Women's Hospital (BWH) and Massachusetts General Hospital (MGH) (Partners) Institutional Review Boards allowing for collection of questionnaires, specimens, and review of medical records. The pelvic mass study is restricted to cases recruited from Gynecologic Oncology Clinics at MGH and the BWH/Dana Farber Cancer Institute (DFCI). Although the case-control study recruited cases from throughout Eastern Massachusetts and New Hampshire, only patients diagnosed at BWH/DFCI and MGH were included for comparability to the pelvic mass group and feasibility in retrieving CA125 laboratory values. Between 1998 and 2009, 376 cases from the pelvic mass study and 809 cases from the case-control study were enrolled from the three hospitals.
Questionnaire and Medical Record Data
Patients enrolled in the pelvic mass study completed self-administered questionnaires and those enrolled in the case-control study completed longer personally-administered questionnaires. Demographic data, reproductive history, key exposures, and medical and family history were collected. Medical records and computerized laboratory reports were reviewed to determine whether a CA125 had been obtained prior to surgery. We were able to obtain a pre-operative CA125 within 6 months of the date of diagnosis for 278 (74%) of the pelvic mass cases and 555 (69%) of the case-control cases. We excluded 28 cases who had neo-adjuvant chemotherapy before CA125 was measured, leaving 805 cases as the basis for this report. Details from the pathology report were abstracted including histologic type, stage, grade, and laterality of disease. Presence of ascites and its volume at initial diagnosis were recorded from the operative note or pre-operative imaging. Date of death was obtained from the chart or querying the Social Security Death Index.
Statistical Analysis
CA125 levels were log normalized. Means and confidence intervals (CI) were calculated on the log scale and exponentiated back to U/mL. Statistical analyses involved logistic regression models with CA125 at presentation dichotomized into high and low or generalized linear models with continuous CA125. Additionally, we used Cox regression to examine the relationship between CA125 and survival. Estimated number of ovulatory cycles was calculated using an algorithm that included age at menopause (or current age if premenopausal), age at menarche, average cycle length, and time spent pregnant, breast-feeding, or using oral contraceptives [8] .
Results
CA125 levels by enrollment features or tumor characteristics for all 805 cases are shown in Table 1 . More than 90% of the cases had CA125drawn within a month of diagnosis and their levels were higher than those drawn at earlier time points. CA125 did not vary significantly by year or site of enrollment. CA125 increased significantly with both advancing tumor grade and stage of disease and varied markedly by histologic type. Lowest CA125 levels occurred with borderline tumors and invasive mucinous tumors. Invasive serous tumors were associated with the highest CA125, mean (and 95% CI) = 553 U/mL (471, 649), and clear cell, endometrioid, mixed, and undifferentiated tumors lower levels. For cases enrolled since 2005, pathologic review has included greater effort to identify co-existing intra-epithelial tubal neoplasia suggesting serous tumors with possible Fallopian tube origin [9] . Women whose ovarian cancer was likely tubal had significantly lower CA125 compared to women with invasive serous cancer likely of ovarian origin or primary peritoneal cancer. Bilateral tumors and presence of ascites were associated with significantly higher CA125. Within each histologic subtype except mucinous, advanced-stage disease or presence of ascites predicted higher CA125 (data not shown). For the entire dataset, the average CA125 (and 95% CI) was 259 U/mL (227, 295). One standard deviation (sd) below the mean was 38 and 1 sd above the mean was 1748, suggesting cut points of <35 and >1750 for defining groups with low and high CA125 levels.
Correlations between CA125 and continuous variables within histologic subgroups are shown in Table 2 . While weak inverse linear associations with age were noted for serous borderline (p=0.03) and invasive serous cases (p=0.03), a quadratic relationship was better at defining the association in all non-mucinous invasive cases (p=0.004). This model predicted lower levels in younger and older women with a peak occurrence at ages 54-56 ( Figure 1 ). There was a weak inverse correlation with years since natural menopause for all cases (p=0.04) which did not change much if years since hysterectomy was added. A weak inverse association was noted between body mass index (BMI) and CA125 for all cases (p=0.11). A weak positive association between estimated ovulatory cycles and CA125 found only for women with endometrioid tumors (p=0.06). Data was too sparse to evaluate the correlation of ascites volume with CA125 within histologic subtypes but was positively correlated in women with endometrioid and serous borderline tumors (r=0.56, p=0.03 with an N of 15).
Levels of CA125 restricted to the 636 cases with non-mucinous invasive ovarian cancers are shown in Table 3 by categorical variables. Women who were within 10 years of menopause had higher CA125 than pre-menopausal women or women >10 years from menopause, reinforcing the quadratic relationship with age described above and inverse association with years since menopause. Women with Jewish ethnic background had significantly higher CA125 levels than non-Jewish women. Treatment of BMI as a categorical variable illustrates the trend for women with higher BMI to have lower CA125. A strong association was the trend for CA125 to increase with number of children (p for trend = 0.0005). Women who reported having had a tubal ligation also had higher CA125 (which did not persist after adjustment for parity). Although constituting a small group (and restricted to case-control cases who had this level of detail recorded), women who reported recurrent vaginal yeast infections or urinary tract infections had lower levels of CA125. Gastrointestinal conditions predicting lower CA125 included history of appendectomy or colitis. Two other strong associations were that women who had a prior breast cancer before developing ovarian cancer or who had a family history of ovarian or breast cancer had significantly higher levels of CA125. Associations between lower CA125 and non-white ethnicity (p=0.06) and history of endometriosis (p=0.09) were of borderline significance.
Exclusion of cases with CA125 more remote from diagnosis or restriction to women with invasive serous tumors did not negate associations described above except the borderline association with endometriosis and low CA125. While our cutoffs were based on the CA125 distribution using all cases, choosing cutoffs for low and high based on standard deviations above and below the mean for non-mucinous invasive cases only would have led to cutoffs of 70 and 2300 U/mL but would not have changed the conclusions from Table 3 in any substantive way (data not shown).
We next assessed multivariate models for predicting CA125 levels. Because we wished to include variables collected only in the case-control study, these analyses were restricted to 427 non-mucinous invasive cases. When histologic subtype and all variables with p<0.10 in Table  3 were inserted into a linear model, the variables shown in Table 4 remained at least borderline significance, while endometriosis, non-white race, tubal ligation, and family history of breast and ovarian cancer were dropped. Variables that remained significant predictors included yeast infections, appendectomy, personal history of breast cancer, and histology. When stage and ascites (model 2) was introduced, the significance of nearly all variables including histology decreased, although yeast infections, appendectomy, and breast cancer remained significant. Thus stage, ascites, and personal history of breast cancer were the strongest predictors of higher CA125, while appendectomy and yeast infections were the strongest predictors of lower CA125. Parity (as a continuous variable) was of borderline significance in predicting higher CA125 in model 2.
Restricting to the 427 cases used in Table 4 and beginning with the same variables as model 1 in Table 4 and adding CA125 level, we examined their joint effects on survival (Table 5) . High CA125 was significantly associated with poorer survival while histologic types other than serous were associated with more favorable survival. High CA125 persisted as a significant predictor of decreased survival (p for trend = 0.04) although the level of significance decreased as stage and presence of ascites were added in model 2. Thus advanced stage, presence of ascites, serous histology, and higher CA125 remain predictors of poorer survival. No epidemiologic features that predicted CA125 were significant predictors of survival, although history of colitis was of borderline significance (p=0.07) in predicting poorer survival.
Discussion
In this study, we sought to correlate pre-treatment levels of CA125 in women with ovarian cancer with characteristics of their tumors or patients themselves. We confirmed tumor characteristics previously reported to influence CA125; highest levels in women with invasive serous tumors, intermediate levels in women with endometrioid and clear cell tumors, lowest levels in women with mucinous and borderline tumors [5, 6, [10] [11] [12] , and positive correlations with stage and grade [6, 11] . A new finding was that women with invasive serous tumors more likely of Fallopian tube origin had lower CA125. A multicenter study of patients with primary Fallopian tube cancers reported the average CA125 to be 183 U/mL [13] which is clearly lower than the level for all invasive serous cancers found here or reported by others [6] . Another "tumor" characteristic strongly correlated with CA125 was ascites. The presence of ascites is more likely to suggest malignancy in women with a pelvic mass [14] and correlates with higher CA125 [15] . However, it is known that ascites in non-malignant conditions such as liver failure, abdominal tuberculosis, and cardiac failure is also associated with high CA125 [16] .
While few studies have examined how patient characteristics influence CA125, epidemiologic features predicting CA125 in women without ovarian cancer come from trials using CA125 as a screening tool in the general population, including the first UK screening trial [17] and the Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial [18] . Although these studies involved CA125 mostly in the normal range in asymptomatic women while our study dealt with abnormal levels in ovarian cancer cases, we think it relevant to highlight common findings. In both studies, non-white race was associated with significantly lower CA125 levels -an association of borderline significance in our study. Since the association was not significant in multivariate analyses, confounding could underlie the association, although genetic variation in CA125 structure or expression would not be surprising. The PLCO study found, as we did, that higher BMI was associated with lower CA125, and the authors suggested that higher plasma volumes associated with obesity might dilute the CA125 concentration. This seems unlikely to explain the one-third decrease in CA125 levels going from lowest to highest BMI categories.
Personal history of breast cancer was a strong predictor of high CA125 that persisted in multivariate models. History of breast cancer in controls from the PLCO trial was also associated with significantly higher CA125 [18] ; and an earlier analysis of the UK data reported an association with breast cancer history and high CA125 [19] . Of interest, a candidate for the gene for CA125 was initially thought to be one subsequently identified as NIBR1 (neighbor of BRCA1), after polyclonal antibodies against CA125 were found to react with the gene product of NIBR1 clones. This was not further studied after characteristics of NIBR1 were found not compatible with CA125 structure [20] making it unclear whether this observation relates to the breast cancer/high CA125 association.
Age as a predictor of CA125 has been examined in ovarian cancer cases as well as controls without a consensus. In postmenopausal women, the UK study reported decreasing levels with age [17] and the PLCO study increasing levels with age [18] . Our study found that the relationship between age and CA125 may vary by histologic type (Table 2) ; but, in all nonmucinous invasive tumors, the relationship may best be described by an inverse U-shaped association with lower levels in younger and older women. A similar relationship was described in women at hereditary risk for ovarian cancer and age-matched controls [21] . The precise relationship with age is important since it is relevant to the potential application of CA125 in general population screening.
An intriguing association is the correlation between parity and CA125. A similar relationship in postmenopausal women without ovarian cancer was reported by Westoff [22] . In our study, women who had more than 4 births had about double the level of CA125 as nulliparous women. Parity remained a significant predictor of CA125 in a multivariate model adjusted for histology, but became of borderline significance after adjustment for stage and presence of ascites. CA125 may be involved in the process of implantation [23] and is elevated during pregnancy [24] . Perhaps of greater relevance to CA125 remote from pregnancy are changes in immunologic parameters that occur with pregnancy and persist to distinguish nulliparous from parous women and parous women by number of pregnancies, especially ratios of lymphocyte subpopulations [25] . Further study regarding the association between parity and CA125 is clearly warranted.
Our study suggests that some events involving peritoneal or mucosal inflammation lead to lower CA125. History of endometriosis, which was associated with lower CA125 levels in the PLCO study [18] , trended in the same direction in our study. New observations from our study are that recurrent yeast infections and history of appendectomy and colitis are associated with lower CA125 levels. That CA125 would be lower with history of these conditions is curious since active endometriosis [26] , and colitis [27] are associated with elevated CA125. Additionally, CA125 is found in very high levels in vaginal fluid and is further elevated with cervicitis and vaginitis [28] . To relate elevated CA125 during active disease with lower CA125 with history of these conditions, we hypothesize that spillage of CA125 during these conditions might lead to the selection of B cells that could produce antibodies against CA125. These could persist and produce anti-CA125 antibodies capable of forming immune complexes that could shield CA125 from conventional assay, as has been described for MUC1 [29] . We have reported the development of an assay that can detect CA125 bound in immune complexes that may help explain some cases of ovarian cancer with low CA125 levels [30] .
Studies find high pre-operative CA125 predicts poorer survival [6, 7] . We sought to determine whether CA125's inverse correlation with survival remained after including other variables that predicted CA125. Although the level of significance decreased, the trend for a higher CA125 to be associated with poorer survival persisted after adjustment for stage, presence of ascites, and key epidemiologic variables that predicted CA125.
There are several potential limitations of our study. CA125 was not standardized by time from diagnosis or laboratory (although our study dates from 1998 to 2009 during which time the CA125 II assay was in use at both hospitals). In some cases, we abstracted the CA125 level from notes whereas, in other cases, we were able to link to a computerized record of the laboratory report. The mean value (and 95% CI) in the former group was 277 (238, 322) and not significantly different from the mean in the latter group 215 (163,283), p=0.10. Because ours is the first study to examine multiple epidemiologic features of cases in relation to CA125, chance could account for some of our findings. However, we pointed out there is support in non-cancer controls for three key findings (lower levels with BMI and higher levels with parity and history of breast cancer); and we presented our case for a biologic basis for the role of genitourinary or gastrointestinal mucosal inflammation associated with low CA125.
Although it was not feasible in our study to investigate tumor expression of CA125, there is already an understanding of tumor expression of CA125 by histologic type. Hogdall et. al. found the highest tissue expression in invasive and borderline serous cancer (85-90%), lowest with borderline and invasive mucinous tumors (6-12%) and intermediate in invasive clear cell and endometrioid tumors (40-65%) [5] . Thus tissue expression seems to track with serum expression with a notable exception being invasive and borderline serous tumors. Tissue expression of CA125 is 85-90% in both types, while the mean CA125 level is about nine fold higher in invasive compared to borderline serous tumors in our study.
In conclusion, we have examined detailed patient characteristics as predictors of CA125 in a large series of ovarian cancer cases. We found that BMI predicted lower, and parity and personal history of breast cancer higher CA125. These observations have also been made in healthy controls-important because it suggests these events are basic to the "physiology" of CA125 and not simply producing effects through the tumor. To be sure, tumor characteristics profoundly influence CA125 as illustrated by effects of histology, grade, stage, and presence of ascites. Finally, we speculated about the role of certain conditions involving peritoneal and mucosal inflammation such as endometriosis, colitis or recurrent yeast infections. A better understanding of the influence of patient characteristics on CA125 is necessary for optimal use of CA125 as a prognostic tool and possible future application to general population screening. Geometric mean CA125 by age in non-mucinous invasive cases illustrating inverse U (quadratic) association. Table 1 Geometric mean pre-operative CA125 levels by enrollment and tumor characteristics. Correlations between CA125 levels and continuous variables. Multivariate linear models for CA125 prediction among non-mucinous invasive post-op study cases. Table 5 Multivariate Cox proportional hazards models for survival among non-mucinous invasive post-op study cases. 
